The capçicity for the generation of Qxygen radicals by polymorphonuclear leukocytes (PMNs) was assessed in 29 patients With measles and in control groups. Patients with secondary bacterial infections showed a significantly decreased generation of oxygen radicals; this abnormality did not persist for more than 2 months after disease onset. Normal PMNs incubated with T lymphocytes from these measles patients generated significantly fewer oxygen radicals than those incubated with T cells from either control group. However, normal PMNs incubated with non-T lymphocytes from these measles patients produced normal oxygen radical levels. In addition, irradiation above 1,500 rads of T lymphocytes abrogated the suppressive effect of T cells on PMNs. On the other hand, these abnormal findings were not observed in patients with measles but without secondary bacterial infections. The secondary bacterial infections sometimes seen in measles patients may result from a decrease in oxygen radical generation, presumably induced by the suppressive activity of the T lymphocytes of the patients.
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The decreased generation of oxygen radicals by polymorphonuclear leukocytes (PMNs) has been reported in some viral diseases (14) . It has recently been documented (5a) that T lymphocytes from patients with infectious mononucleosis suppress oxygen radical generation by PMNs.
In some but not all patients with measles, we observed a significant decrease in oxygen radical generation. We investigated the capacity for the generation of oxygen radicals by their PMNs and the suppressive activity of their T lymphocytes on oxygen radical generation by PMNs.
MATERIALS AND METHODS
Subjects. The study population consisted of 29 patients with measles (15 males, 4 to 17 years old, and 14 females, 4 to 19 years old). All were previously healthy. The reason that the patients were over 4 years old is the limited amount of blood that can ethically be drawn from any one subject. Six of the patients were affected with secondary bacterial infections, such as bacterial pneumonia, urinary tract infections, and otitis media. These six patients were treated as a different group. The secondary bacterial infections were diagnosed by a clinical examination and by the isolation and identification of pathogenic organisms from appropriate body sites by culturing sputum, arterial blood, urine, or pus discharge samples from the patients. Staphylococcus aureus and Haemophilus influenza type were identified as being responsible for the pneumonia in four patients, and a pneumococcus was responsible for a case of otitis media. These patients were treated with antibiotics such as sodium cephalosporins, sulbenicillin, and cephalexin. No previous bacterial infections had been noted in these six patients for at least 6 months before the investigation. All secondary bacterial infections subsided within 6 weeks. Chemiluminescence was measured in a scintillation spectrometer with opsonized-zymosan-stimulated PMNs but no luminol in the dark. In each oxygen generation assay system, PMNs not stimulated by opsonized zymosan were simultaneously tested. Incubation of PMNs with T lymphocytes. Adherent cells (monocytes) and nonadherent cells (lymphocytes) were further separated, by incubation on petri dishes (9) , from the mononuclear cell fractions which were obtained simultaneously with PMNs. Adherent-cell preparations were identified as 95% monocytes by Giemsa staining and by reaction with OKM-1 monoclonal antibody (Ortho Pharmaceutical Corp., Raritan, N.J.), which binds to cells of the monocyte and myeloid series. The T-lymphocyte fraction was isolated by the sheep erythrocyte rosetting technique (2) and contained less than 1% monocytes. The nonrosetting population, consisting mostly of B lymphocytes and null cells, was referred to as the non-T-cell population; it contained 13 ± 3.5% monocytes. To examine the effect of T cells on the generation of oxygen radicals by PMNs, purified T lymphocytes (from the measles patients or controls) supplemented with 5% mitomycin-treated monocytes were coincubated with PMNs (from healthy individuals) at 37°C for 17 h.
Previous studies (6, 7) and preliminary experiments in the present study showed that 17 h is the optimal incubation time for inducing changes in oxygen radical generation in PMN-T-lymphocyte cocultures without inducing a decrease in the viability and phagocytic functions of PMNs. Before and after coincubation with T lymphocytes, the viability of PMNs was assessed, and related data were discarded when PMNs showed less than 98% viability in the trypan blue exclusion test or fewer than 600 dpm/mg of [14C]inulin uptake as a measurement of phagocytic activity (6, 12, 13) . The effect of oxygen radicals generated by a small number of added or contaminating monocytes in T-cell-PMN cocultures was negligible, because monocytes generate far fewer oxygen radicals than PMNs (9) . The coculture ratio of PMNs to T lymphocytes (6, 7) was 3:1 in RPMI 1640 medium containing 20% heat-inactivated pooled human AB serum. PMNs isolated from T lymphocytes by the Ficoll-Hypaque gradient method or PMNs in the presence of T lymphocytes were examined for oxygen radical generation as already described. Control incubations (17 h, 37°C) of T lymphocytes from healthy individuals with autologous or allogeneic normal PMNs were performed in a similar way. Another control consisted of the addition of non-T mononuclear cells from measles patients to PMNs from healthy individuals. Further, because suppressor T cells are sensitive to irradiation (11), we examined whether irradiation (1,000, 1,500, 2,000, or 2,500 rads) of the T-cell populations from the patients could abrogate the suppressive effect of the T cells on oxygen radical generation by normal PMNs.
Statistical analysis. Triplicate assays were performed simultaneously for each experiment, and the results were expressed as the mean ± standard error of the mean. The statistical significance was ascertained by Student's t test.
RESULTS
Oxygen radical generation by PMNs. PMNs from all measles patients showed a significantly decreased generation of oxygen radicals as compared with PMNs from healthy control groups (Table 1) . Measles patients who were affected with secondary bacterial infections showed much less oxygen radical generation by PMNs than did both virus-infected and healthy controls. They also showed less generation than did measles patients who had no secondary bacterial infections. However, PMNs from measles patients without secondary bacterial infections did not generate significantly lower oxygen radical levels than did PMNs from healthy controls (P > 0.05) and showed oxygen radical generation levels almost equal to those in patients with other viral infections. Oxygen radical generation by PMNs from patients with other viral infections was slightly decreased, but not significantly when compared with levels in healthy controls (P > 0.05). When oxygen radical generation by nonstimulated PMNs was assayed, findings similar to those with stimulated PMNs were obtained (Table 1) .
Decreased oxygen radical generation by PMNs from measles patients with secondary bacterial infections returned to normal values within 8 weeks of the onset of disease (Fig. 1) .
Coincubation of normal PMNs with lymphocytes from patients. PMNs (from healthy individuals) incubated with T lymphocytes from six measles patients with secondary bacterial infections generated significantly decreased oxygen radical levels, as compared with PMNs incubated with T lymphocytes from allogeneic healthy individuals (Table 2) (Table 3 ). This suggests that a decrease in oxygen radical generation induced by coincubation with T lymphocytes may be a result of inhibition by suppressor-T-cell activity in measles patients.
PMNs (from healthy individuals) incubated with T lymphocytes (from allogeneic healthy individuals) generated almost the same levels of oxygen radicals as did PMNs cocultured with autologous T lymphocytes ( Table 2 ). This observation ruled out the possibility that the decrease in oxygen radical generation influenced by T lymphocytes was the result of HLA differences between the PMN and lymphocyte donors. (5)C a 0.oi < P < 0.05 versus control (oxygen radical levels generated by normal PMNs after coincubation with T lymphocytes from allogeneic healthy individuals). b p < 0.01 versus control (oxygen radical levels generated by normal PMNs after coincubation with T lymphocytes from allogeneic healthy individuals. C Oxygen radical generation was assessed for PMNs not separated from mononuclear fractions. In this assay, the ratio of PMNs to T lymphocytes was almost b 0.o0 < P < 0.05.
C p < 0.01 versus control (oxygen radical levels generated in PMN-Tlymphocyte cocultures without irradiation).
Although the increased ratio of T-lymphocytes from measles patients to normal PMNs in our coculture experiment induced a decrease in oxygen radical generation by normal PMNs, the increase in the T-lymphocyte/PMN ratio for any control group did not significantly affect oxygen radical generation by normal PMNs (data not shown). A decrease in oxygen radical generation by normal PMNs was observed in control groups only after incubation of PMNs with a markedly increased amount of T-lymphocytes. Various changes in the ratios of non-T lymphocytes to PMNs also did not significantly change our results (data not shown). DISCUSSION The present study revealed that the capacity for oxygen radical generation by PMNs is decreased in patients with measles and secondary bacterial infections. In viral infections, such as infectious mononucleosis, it is known that T lymphocytes serve as an important control mechanism in suppressing Epstein-Barr virus-induced B-cell proliferation (1, 10, (15) (16) (17) as well as serving as a target of the causative virus. It has recently been suggested (Sa) that T lymphocytes from patients with infectious mononucleosis inhibit PMN function in those patients. Although the activation of the suppressive activity of T lymphocytes from measles patients has not been clarified, the present study provides evidence for the suppressive effect of T lymphocytes from measles patients on the generation of oxygen radicals by their PMNs. We were unable to determine T-cell subsets in relation to suppressive activity on oxygen radical generation by PMNs from measles patients, as examined with PMNs from infectious mononucleosis patients. However, findings similar to those observed for infectious mononucleosis patients were observed in the present study for measles patients, including the abrogation of suppressive T-cell activity on oxygen radical generation by irradiation and no induction of a decrease in oxygen radical generation by the addition of non-T-cell populations from any measles patient. Thus, it is possible that mechanisms of action similar to those of OKT4+ cells on oxygen radical generation by PMNs might be present in measles patients.
In addition to the enhanced suppressive activity of T lymphocytes in patients with infectious mononucleosis, several immune abnormalities have been reported in rubella (3) and common viral diseases (5) . Immune disturbance has also been documented in measles (5) . Both immunological abnormalities in viral diseases (3, 5) , including measles, and a decrease in oxygen radical generation by PMNs in infectious mononucleosis patients demonstrated in a recent investigation (Sa) abated within 2 months. This fact coincides with the results of our follow-up studies of oxygen radical generation by PMNs in measles patients. This time course supports the speculation that the reduced oxygen radical generation may result from the enhanced suppressive activity of T lymphocytes. Our present study also suggests the possibility that secondary bacterial infections in measles patients may be a result of a decrease in oxygen radical generation by PMNs. Additionally, it can be speculated that the combination of bacterial and rubella virus infections caused a greater T-lymphocyte-induced decrease in oxygen radical generation by PMNs than rubella virus infection alone. Solberg et al. (14) reported that oxygen radical generation by PMNs increased in patients with bacterial infections but decreased in patients with viral infections. Their findings for patients with bacterial infections were almost consistent with ours and with those of others (5a, 6, 8; Niwa et al., Arch. Dermatol., in press); however, their findings for patients with viral infections were not. It has been demonstrated elsewhere (Sa) and in this study that PMNs from patients with viral infections do not generate significantly decreased oxygen radical levels when infectious mononucleosis and measles are excluded from the study.
Further-studies are required to verify the activation of suppressor T lymphocytes from measles patients against target cells other than PMNs and to elucidate the mechanism of suppressive T-cell activity on PMNs. The different immunological behavior of the diseases with a decreased capacity for oxygen radical generation by PMNs (infectious mononucleosis and measles with secondary bacterial infections) and those without a decreased capacity for oxygen radical generation by PMNs (other viral infections and measles without secondary bacterial infections) should also be investigated.
